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I. INTRODUCTION 
Approximately 20% of Iowa's 12 million acres of corn are grown as 
continous corn and ca. 80% of these continuous corn acres are treated 
with an insecticide at planting to control 2 species of rootworms, the 
western corn rootworm, Diabrotica virgifera LeConte, and the northern 
corn rootworm, D. longicornis (Say). This amounts to ca. 16 million 
pounds of insecticide annually at a cost of $6.08 million. 
The availability and acceptability to the grain producer of these 
insecticides, their ease of application and the low cost per acre have 
relegated the use and development of other methods of control to only 
occasional inquiry. The prophylactic use of these insecticides, insecti­
cide resistance and the possible undesirable side effects on nontarget 
organisms, however, should be the basis for increased funding and research 
time to develop means of control other than insecticides for integration 
into a pest managsssnt program. 
The purpose of this study was to investigate the behavior and move­
ment of the western and northern corn rootworm in response to small trap 
plantings of late planted corn adjacent to larger fields of conventional 
corn. Effective trap plantings that would concentrate rootworm females 
prior to oviposition and reduce the total acreage requiring insecticide 
treatment the next growing season would be preferable to existing 
programs. 
Preliminary data collection begain in 1972 and is reported in 
Section III; a short discussion follows. The major research effort, 
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including pertinent supplemental studies, was conducted during 1973-74 
and the data are presented in Section IV. A detailed discussion of 
the trap cropping concept follows under subheading C, Section IV. 
The intent of utilizing 3 different sampling methods was to add 
validity to the evaluation of the trap cropping concept, not to evaluate 
or compare the sampling methods themselves. In the interest of complete­
ness, however, correlation coefficients for the 3 methods do appear in 
Appendix B, Section VIII. 
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II. REVIEW OF LITERATURE 
A. Trap Crops 
Trap cropping is the planting of a crop on infested land so that 
the pest is stimulated to attack, but the crop is either removed before 
the pest can complete its life cycle, or it will not provide all the 
necessary requirements for completion of the pest's life cycle. Nirula 
and Dassi (1965) showed that interplantings of French marigold, Tagetes 
patula L.. as a preferred host in potato fields reduced populations of the 
root knot nematode, Meloidpgyne incognita (Kofoid and White) Chitwood, 
in the soil and infestations in the roots and tubers of the potato plants. 
Although Meloidpgyne entered the roots of Tagetes. the nematode failed 
to produce giant cells and develop. Crotalaria spp. have been used 
similarly because the plants are highly susceptible to invasion by 
Meloidogyne spp. but resistant to the development of larvae into adults. 
A trap crop also may be defined as a crop which is preferentially 
attacked in the presence of the crop one wishes to protect. Johansen 
(1962) considered a trap crop to be a small planting of a suscep­
tible or preferred crop which is established near a major crop to act as 
a "trap" for the particular insect concerned. Stern (1969) interplanted 
alternating 20-ft strips of alfalfa between 156-row strips of cotton 
(ca. 494 ft) as a preferred feeding site of Lygus cossilina. Not only 
were the alfalfa strips a trap crop for L. cossilina. but they also 
served as an insectary for natural enemies of many cotton pests which 
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eventually moved into the adjacent cotton. Stride (1969) investigated 
the feasibility of cultivating Cissus adenocaulis Stend. as a trap crop 
for attracting Lygus vosseneni by planting the trap crop along boundary 
fences surrounding an area of cotton. He reported the method as quite 
effective when the trap areas were sprayed with an insecticide at weekly 
intervals. 
Early reports by Hunter and Goad (1923) suggested that the use of 
only a few rows of a trap crop adjoining a major crop were valueless in 
controlling the boll weevil, Anthonomas grand is Boheman. They stated 
that practical experience has shown that the only possibility of success 
in such a procedure lies in the use of entire fields adjoining hibernation 
quarters. However, Isely (1950) reported that cotton plants which are 
taller and beginning to form squares earlier than surrounding plants are 
particularly attractive to the overwintered boll weevil. Consequently, 
he utilized trap plantings of early planted cotton, 3-30 rows wide de­
pending on tha size of the field and severity of early infestations during 
previous seasons. In all fields where the trap cotton was planted earlier 
than the remainder of the field, he reported a concentration of weevils 
in trap rows and a very small percentage of overwintered weevils in the 
rest of the field. The weevils in the trap cotton were then destroyed 
by insecticides. 
Recent work by Scott, Lloyd, Bryson and Davieh (1974) indicated that 
when plots of early cotton were baited with grandlure, they attracted more 
of the boll weevil population than plots that were not baited, and that 
the plots had some attraction for the cotton bollworm, Heliothis zea. 
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Single rows of corn in cotton fields also have been used as a trap crop 
to protect cotton from cotton bollworm damage. This was recommended as 
a means of control of bollworms over the entire world where corn and 
cotton were grown (Lincoln and Isely 1947; Isely 1957). 
B. Corn Rootworms 
The northern corn rootworm, Diabrotica loneicornis (Say), was origi­
nally described by Thomas Say (1824) from adults collected near the Rocky 
Mountains, U.S.A. and called Galleruca loneicornis. LeConte (1859) 
recognized G. loneicornis as Phvllobrotica loneicornis and later as 
Diabrotica loneicornis (Say) (LeConte 1865) as it is known today. The 
first record of damage by the northern species dates back to 1874 when 
Riley (1880) received some larvae and pupae from a Mr. H. Weber of Kirk-
wood, Missouri, who found the larvae damaging corn. 
The western corn rootworm, D. virgifera LeConte, was first described 
by J. L.- LeConte (1868) from adults collected on wild gourd near Fort 
Wallace, Colorado. Gillette (1912) first reported damage by the western 
corn rootworm when he saw evidence of injury to the roots of sweet corn 
caused by the developing larvae. 
The two species are presently major pests of field corn (Zea mays 
L,). Until 1955, the western corn rootworm had a limited distribution 
covering Nebraska, half of Colorado and Kansas, and small portions of 
South Dakota and Iowa. By 1970, however, the western corn rootworm was 
recorded over the entire states of Nebraska, Iowa, and Wisconsin, and 
portions of the states of North Dakota, South Dakota, Minnesota, 
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Illinois, Indiana, Missouri, Kansas, and Colorado. The northern corn 
rootworm has expanded little since 1955 when it was recorded extensively 
in the North Central region of the United States. Limited expansion 
occurred in 1955 and 1956, and some expansion occurred after 1966 in 
scattered and isolated points (Chiang 1973). 
Early literature is burdened with accounts of the vigor and tenacity 
of the rootworms against control measures available at that time. Crop 
rotation was used to some extent, but Bigger (1932) concluded that more 
than one year of some crop other than corn must be interposed between 
successive corn crops to produce complete relief. Chiang (1965) studied 
the survival of the northern corn rootworm and concluded that a small per­
centage of eggs did not hatch during the growing season following the 
fall of oviposition but stayed viable through the second winter. 
One of the first attempts to develop supplementary measures to 
control the rootworm species was made by Hill, Hixson, and Muma (1948). 
They found that soil applications of benzene hexachloride greatly reduced 
rootworm populations and almost eliminated root injury and lodging. 
Lilly (1956) discussed soil insects and their control and included a sec­
tion dealing with the method of application and insecticides used to 
control the rootworm. 
With application equipment and techniques described by Hills, Peters 
and Lovely (1972a), Hills and Peters (1972) studied different methods of 
application, insecticidal formulations, and rates of application for 
effectiveness in controlling the western corn rootworm. They concluded 
that granular formulations applied as broadcast, 7-inch bands, and 
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postplanting treatments resulted in better control than did liquid formu­
lations applied by these methods. The postplanting treatments using the 
granular formulations consistently gave the best control of the western 
corn rootworm. When insecticides were applied as fertilizer-insecticide 
IJimiid formulations gave better control than did granular 
formulations. Although the chemicals employed have changed due to devel­
opment of resistance to chlorinated hydrocarbon insecticides (Ball and 
Weekman 1962), soil insecticides are still the major tools for combating 
corn rootworms. 
Rotation of corn with other crops is still the single most effective 
means of controlling corn rootworms, but the concept that corn, small 
grains, and hay must be rotated is no longer accepted by modern corn 
producers. Several factors have influenced this trend in modern corn 
production. Continuous corn allows the farmer to: (1) become a crop 
specialist; (2) have specific and sophisticated machinery; (3) farm dif­
ferent soil situations with the best suited crops; and (4) achieve higher 
yields (Aidrich and Leng 1965). 
C. Trap Crops and Rootworms 
Previous experience with late planted corn as a trap crop has been 
in terms of increasing rootworm populations in the trap area the following 
season. However, little attention has been paid to population assessment 
of adjacent fields of corn from which the beetles presumably are emigrat­
ing. Howe, Ortman, and George (1963) reported strong evidence of late 
season migration of the northern species, D. longicornis (Say), to 
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plantings of later maturing corn. Silks appeared very attractive to the 
populations which included gravid females. They, therefore, postulated 
that cornfields maturing later because of date or varietal differences 
would attract ovipositing females and increase population potentials in 
the next year's corn. Hills, Peters, and Berry (1972b), and Owens, Peters, 
and Hallauer (1974) reported that rootworm populations are enhanced by 
planting corn in desired plot areas late in the growing season of the 
year before planting actual experiments. Owens et al. (1974) also stated 
that such late planted corn tends to serve as a trap crop in that it 
attracts adult rootworms from surrounding areas to feed on the tassels, 
pollen, and green silks produced late in the season. In theory, the trap 
crop serves as an oviposition site for female beetles feeding in the field 
because most of the surrounding fields are more mature and less appealing. 
Rasmussen and Chiang (1967) indicated that invasion of beetles in a 
field at a later date may not increase egg populations as much as an 
early invasion. The fields which are most attractive at the height of 
the beetles' oviposition stage would have the highest infestation the 
following season. Gates (1968) reported peak ovipositional activity to 
be about 2 weeks following peak female emergence. In Iowa, female peak 
emergence occurs between the first and second week of August at latitude 
43° 30' and longitude 91° 30'.^ 
Calkins, Kirk, Matteson, and Howe (1970) studied the method of early 
cutting of corn as means of reducing populations of corn rootworms. They 
^Unpublished data, Entomology Department, Iowa State University, 
Ames, Iowa. 
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concluded that farmers who cut their corn before 1 September could expect 
little damage from corn rootworms the following year and might not have 
to apply insecticides. 
Brooks (1967) studied adult movements in small plots of corn planted 
on 1, 15, and 31 May. He reported that western corn rootworm movement 
to the later planted corn coincided with the corn silking times of the 
three plantings. But Kaufman (1966) reported no evidence of beetle move­
ment from early to late planted corn in a study of the field behavior of 
D. longicornis and D. virgifera. Neither of the 2 studies included re­
sults of ovipositional studies at the respective field sites. 
Pruessj Witkowski, and Raun (1974) suggested that rather extensive 
adult migration may occur during the preoviposition period. This is 
plausible because most, if not all, flight, generally recognized as 
migratory, starts at the breeding sites and usually begins either immedi­
ately after the teneral period, or relatively early in adult life when 
TOOst females almost always have underdeveloped or only partially developed 
ovaries (Johnson 1963). 
Cinereski and Chiang (1968) designed a study to determine the extent 
of movement of northern corn rootworm beetles into and out of cornfields 
by analyzing the types of pollen in the digestive tracts of beetles col­
lected inside and outside cornfields and by describing the ovarial devel­
opment of females. Females with all stages of ovarian development were 
found inside and outside the cornfields, suggesting that their movements 
were not age specific. Examination of digestive tracts of the northern 
corn rootworms collected periodically throughout the season showed 5 
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types of pollen: corn, other Gramineae, Compositae, Leguminosae, and 
Curcurbitaceae. When corn pollen was fresh, beetles fed mainly within 
the cornfields, but when food became scarce, all ages of beetles began 
to disperse. They were found in cornfields with younger plants or in 
fields of other crops in bloom. Those females with sufficient numbers of 
ripe eggs were attracted to the corn specifically for oviposition, and 
the food factor was not crucial at that point. But since the oviposition 
period of a given female lasted for 3 weeks, the beetles probably engaged 
in feeding excursions out of cornfields interspersed with oviposition 
trips back into the cornfields. After oviposition was completed, the fe­
males became less active and remained in the cornfield. 
Attraction of the corn plant, if in fact it is attractive, or its 
immediate surroundings to ovipositing female rootworms is not known. 
Several investigators have attempted to identify the presence or absence 
of feeding stimulants and(or) attractants in the corn plant. Frankel 
(1956) stated that a specific taxon of plants may contain "secondary 
plant substances" (glucosides, saponins, tannins, alkaloids, essential 
oils and organic acids) which are unique to that particular taxon and do 
not seem to function in the basic metabolism of the plant, but may serve 
as attractants or repellants for insects. Thus, it was suggested that 
most leaf-feeding insects could be attracted to and develop equally well 
on any leaves, if the leaves contained a "secondary substance" which 
acted as an attractant, or if they lacked substances which acted as 
repellants. 
Reissig and Wilde (1971) distinguished between corn silk extracts of 
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highly preferred and nonpreferred lines of corn when subjecting 15 genetic 
sources of corn to western corn rootworms in 2-choice feeding tests. 
Derr, Randall, and Kieckhefer (1964) determined the presence of a feeding 
stimulant for western and northern corn rootworms in the corn kernel, 
pistillate branch, silks, leaves, and roots of corn. The highest concen­
trations of the feeding stimulant in extracts of plant parts occurred in 
corn kernels. 
Kirk, Calkins, and Post (1968) studied ovipositional preferences of 
the western corn rootworm in the laboratory, and concluded that cornstalks 
seemed to have no special attraction, except as cover in fields that 
have no other vegetation, and that clumps of grass were preferred to 
either cornstalks or surface trash. Gates (1968), however, reported that 
corn was the most attractive plant for oviposition when compared to acorn 
squash, alfalfa, sorghum, and bare soil. 
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III. 1972 STUDIES 
A. Host Preference Studies 
A study was designed and implemented in 1972 in Clayton County, 
Iowa, to investigate the attractiveness of selected methods of planting 
trap crops with selected varieties of hybrid corn to western and northern 
corn rootworm adults, and to measure the magnitude and timing of adult 
corn rootworm movement from conventional corn to contiguous small plot 
plantings of late-planted trap corn. 
1. Test area 
Small-plot plantings of corn (30 rows), 50 ft long and 75 ft wide, 
were planted with a model 71B John Deere® 4-row unit planted on 24 June 
1972. Four treatments were evaluated: (1) Pioneer 3773 (1373 heat units 
to silking) planted in 30-in. rows at 24,000 plants/acre; (2) Pioneer 
3773 planted in 30-in; rows and later treated with foliar applications 
(31 August and 9, 16 September) of Pollen Substitute^ (applied to the foli­
age with a 1-quart shaker can at ca. 23 lbs/acre); (3) Pioneer 3773 
planted in 15-in. rows at 48,000 plants/acre; and (4) a prepared composite 
of 50 mixed-maturity hybrids (1150-1650 heat units to silking) planted In 
30-in. rows at 38,000 plants/acre. Hereafter, the above treatments will 
be referred to as treatments #1, #2, #3, and #4. Experimental design was 
a randomized complete block with 4 replications, and the data were analyzed 
as a split-plot where the subplot treatments were the 9 weekly sampling 
^Dadant & Sons, Inc., Hamilton, Illinois. 
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dates (Section Illâ., subdivision 2). Because these dates represent re­
peated measures on the same plots, conservative degrees of freedom were 
used to calculate all F values. The 4 randomized blocks were separated 
by 200 ft of Pioneer 3773 planted 25 May, bordered with 4 rows of the same 
variety on the north side and with 100 rows of Dekalb XL44 on the south 
side (Figure 1). 
2. Sample sites 
Sample sites in the late-planted corn were midway along the 15th row 
of each treatment and samples were taken at 9 weekly intervals from 5 
August until 30 September. Sample sites also were located in the adjacent 
conventional corn to the south to determine a time of movement out of 
the conventional corn in relation to both crop maturity of the conven­
tional corn and pollen shedding of the adjacent plantings of trap corn. 
3. Sampling methods 
Three different saaipling methods were used to establish a basis for 
comparing population fluctuations between the 4 treatments, and between 
the 4 treatments and the adjacent field of conventional corn. 
The first method was a modification of Chiang and Flaskerd's (1965) 
method of sampling corn rootworm populations. Instead of using the 10-
plant count, weekly counts of western and northern corn rootworm beetles 
on 25 corn plants at each sample site were taken. This method was valu­
able in calculating the actual density in terms of numbers of beetles/ 
acre. Five-minute collections of rootworm beetles also were conducted 
weekly at each sample site (Chiang 1973). Collections were made using a 
Figure 1, Location of the 4 blocks of each set of 4 
randomized treatments of late-planted trap 
corn. Clayton County, Iowa. 1972 
15 
Block 4 
Block 3 
@ # 
® @ 
Conventional Corn 
Block 2 
Block 1 
small wide-mouth jar containing 70% ethanol. Beetles were stored in the 
ethanol and sex determinations were made in the laboratory. The third 
method utilized sticky traps made from 1-quart cylindrical ice cream 
cartons (6 5/8 in x 3 5/8 in) (Sealright Co., Inc., Kansas City, Kansas), 
painted John Deere green (#704 medium), and coated with Tack Trap , an 
adhesive capable of retaining the beetles after impact. The traps were 
positioned at ground level by placing the cartons over a cornstalk cut 
approximately 8 in. from its base. The sticky traps were left in the field 
for 1 week, retrieved, and returned to the laboratory where western and 
northern corn rootworm beetles were counted. New sticky traps were in­
stalled weekly. 
Soil samples were taken from each sample site 3 times during the 
growing season, 15 and 31 August and following the first killing frost. 
Samples were 1-pint aliquots from a composite sample of 10 soil cores 
taken at the base of the corn plant (Chiang 1973). Samples were taken 
with a steel soil-core extractor 4-ln. dlam at a depth of 4 in. The soil 
samples then were washed and the residue examined under a binocular micro­
scope for rootworm eggs. The soil washer was developed by Chandler, 
Musick;and Fairchild (1966) and modified by W. H. Luckman, Nat. Res. 
Bldg., Sec. of Econ. Ent., University of Illinois, Urbana, Illinois. 
4. Results 
A combined analysis of variance of the 4 treatments using the 3 
sampling methods over 9 consecutive dates is shown in Table 1. As indi­
cated, treatment differences were significant at the 0.01 level of 
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Table 1. Combined analysis of variance for the 4 treatments combined 
over the 9 sampling dates. Clayton County, Iowa. 1972 
Source DF S squares M squares 
Block 3 718.17 239.39 
Treatment 3 4835.49 1611.82 
Method 2 2502.83 1251.41 
Treatment x method 6 3252.92 542.15 
Species 1 50535.50 50535.50 
Treatment x species 3 795.71 265.23 
Method X species 2 5756.21 2878.10 
Block X treatment 9 2542.66 282.51 
Block X method 6 180.22 30.03 
Block X treatment x method 18 1446.84 80.38 
Block X species 3 472.26 157.42 
Block X method x species 9 775.99 86.22 
Block X treatment x species 6 95.07 15.84 
Date 8 70835.95 8854.49 
Date X treatment 24 11724.33 488.51 
Date X method 16 18244.85 1140.30 
Treatment x date x method 48 4936.00 102.83 
Date X species 8 15758.32 1969.79 
Treatment x date x species 24 2652.02 110.50 
Date X method x species 16 11570.07 723.12 
Error 'A' 51 5513.06 108.09 
Residual 936 148440.97 158.59 
Corrected total 1151 358072.46 311.09 
14,91 
11.57 
5.01 
** 
N,S. 
** 
467.49 
2 .45N.S. 
26.62** 
55.83 
3.08 
7.19* 
12.42 
0.69' 
** 
N.S. 
** 
,N„S. 
= Significant at P ^0.05 . 
= Significant at P> 0.01. 
- wonsignxiicant. 
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probability and treatment #4 showed the highest population of total root-
worm beetles over the season. The treatment x species and treatment x 
method interactions were not significant at the 0.05 level. Treatment 
mean separations with data from sticky traps also were not significant on 
any of the 9 sample dates (Table 2), and treatment differences according 
to beetles/25 corn plants (Table 3) were significant at the 0.01 level 
only on 17 August when treatment #3 showed the most beetle activity. Mean 
differences between treatments, according to 5-minute beetle collections, 
(Table 4) showed treatments #4 with significantly more rootworms on 
24 August, and 9, 16, and 23 September. On 30 September, treatment #1 
showed the most beetle activity. Treatment differences were not signifi­
cant on the remaining sample dates. 
The method x species interaction was significant at the 0.01 level. 
Sticky traps showed that populations of northern corn rootworms changed 
only slightly with a small peak late in the season, and that western corn 
rootworm populations showed an early peak and subsequent decline for the 
remainder of the season (Figures 2 and 3). 
Table 1 shows that date was significant at the 0.01 level and the 
method x date significant at the 0.05 level of probability. According to 
5-minute beetle collections and beetles/25 corn plants, western and 
northern corn rootworms began to move into the trap planting area early 
in the season with treatment #4 showing the most beetle activity during 
the early sampling periods (Figures 2 and 3). Sticky traps, however, 
showed that western corn rootworm movement to the treatment area occurred 
much earlier in the season and that numbers of rootworm beetles were 
Table 2. Mean adult rootwonns/sticky trap for each treatment on the 9 sampling dates with co­
efficients of variation and probabilities of a > F value. Clayton, County, Iowa. 1972 
8 10 17 24 31 9 16 23 30 
Treatment Aug Aug Aug Aug Aug Sept Sept Sept Sept 
Pioneer 3773, 
30 in rows 
Trt #1 4.3 4.5 9.5 12.75 25.5 25.5 11.0 11.0 1.5 
Pioneer 3773, 
30 in rows 
(Pollen substitute) 
Trt #2 
Pioneer 3773, 
15 in rows 
Trt #3 
Mixed"maturity-hybrid, 
30 in rows 
Trt #4 
Coefficient of 
variation 
Probability of 
a > F value 
2.2 2.5 8.75 
2.5 2.5 7.25 
2.2 2.25 3.0 
110 111 71 
0.76 0.75 0.32 
4.0 7.5 10.25 
11.5 17.25 9.75 
3.75 5.0 9.75 
158 141 119 
0,65 0.52 0.51 
3.75 2.0 .5 
7.0 7.75 c5 
4.0 2.25 .5 
74 94 121 
0.18 0.11 0.36 
Table 3. Mean adult rootworms/25 corn plants for each treatment on the 9 sampling dates with co­
efficients of variation and probabilities of a > F value. Clayton County, Iowa. 1972 
8 10 17 24 31 9 16 23 30 
Treatment Aug Aug Aug Aug Aug Sept Sept Sept Sept 
Pioneer 3773, 
30 in rows ^ 
Trt #1 4.0 2.0 2.25b-'- 5.2 11.0 26.7 18.0 10.2 2.0 
Pioneer 3773, 
30 in rows 
(Pollen substitute) 
Trt #2 1.2 1.2 3.0b 4.7 5.2 13.5 6.0 5.5 .5 
Pioneer 3773, 
15 in rows 
Trt #3 2.0 1.7 9.5a 5.5 13.0 23.2 14.2 10.7 2.7 
Mixed-maturity-hybrid, 
30 in rows 
Trt #4 1.0 .7 5.0b 10.2 4.5 26.5 13.5 5.2 .5 
Coefficient of 
variation 138 119 54 64 141 77 92 125 157 
Probability of 
a > F value .52 .74 .01 .27 .64 .69 .57 .78 .55 
^The lower case letters indicate Cancan's Multiple Range groupings; treatments sharing a 
common letter do not differ significantly at the 5% level. 
Table 4. Mean adult rootworms/S-minuto collections for each treatment on the 9 sampling dates with 
coefficients of variation and probabilities of a > F value. Clayton County, Iowa. 1972 
8 10 17 24 31 9 16 23 30 
Treatment Aug Aug Aug Aug Aug Sept Sept Sept Sept 
Pioneer 3773, 
30 in rows -i 
Trt #1 6.0 8.5 10.5 22.5b 42.5 85.0bc 78.75b 49.5b 14.75ab 
Pioneer 3773, 
30 in rows 
(Pollen substitute) 
Trt #2 8.0 8.75 14.75 25.25b 41.5 95.0b 71.75b 38.25b 9.25b 
Pioneer 3773, 
15 in rows 
Trt #3 5.5 7.0 10.75 17.5b 31.5 61.25c 49.75b 45.75b 16.75a 
Mixed-maturity-hybrid, 
30 in rows 
Trt #4 7.75 13.25 19.75 52.75a 34.0 126.0a 171.5a 73.75a 9.25b 
Coefficient of 
variation 27 49 58 26 26 17 45 25 32 
Probability of 
a >F value .21 .31 .36 .0009 .35 .002 .01 .02 ,05 
4he lower case letters Indicate Duncan's Multiple Range groupings; treatments sharing a 
common letter do not differ significantly at the 5% level. 
Figure 2. Mean numbers of northern corn rootworm adults 
present in the late-planted trap corn. Clayton 
County, Iowa. 1972 
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Figure 3. Mean numbers of western corn rootworm adults 
present in the late-planted trap corn. Clayton 
County, Iowa. 1972 
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declining by the time the 2 remaining sampling methods indicated peak 
beetle activity (Figures 2 and 3). A slight peak of northern corn root-
worm activity occurred early in treatment #2 and similar peaks occurred 
in all the treatments on the 9 September sampling date. 
Sampling stations outside the test area showed an opposite trend 
with peak beetle activity in the conventional corn occurring in early 
August and numbers of beetles declining thereafter. By mid-September, 
when beetle numbers were at peak levels in the trap area, essentially no 
beetles were found in the early conventional corn (Figure 4). 
Figures 5 and 6 show mean numbers of both sexes of the 2 rootworm 
species on the 9 sampling dates. An analysis of variance is given in 
Table 5. Sex differences, treatment x sex and species x sex interactions 
all were significant at the 0.05 level. Western corn rootworm males were 
present throughout the season and peaked slightly ca. 2 weeks before 
western corn rootworm females showed peak numbers. But northern corn 
rootworm males maintained a very Iot-? population profile during the season. 
As seen in Figures 5 and 6, differences in beetle numbers between treat­
ments is mainly due to population differences of female rootworms. Sex 
ratios for the northern corn rootworm were ca„ 1:1 until the 4th sampling 
period, but the sex ratio for the western corn rootworms began to in­
crease in favor of females by the third sampling period; after that, fe­
males of both species moved into the test area in high numbers. 
Results of soil sampling to determine differences in egg deposition 
in the 4 treatments is given in Table 6. Significant differences were 
not obtained although numerical differences do exist. 
Figure 4. Mean numbers of western and northern corn 
rootworm adults present in the conventional 
corn adjacent to the 4 blocks of late-planted 
trap corn. Clayton County, Iowa. 1972 
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Figure 5. Mean numbers of male and female northern corn 
rootworms present in the late-planted trap corn 
from 5-minute collections. Clayton County, 
Iowa. 1972 
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Figure 6. Mean numbers of male and female western corn 
rootworms present in the late-planted trap corn 
from 5-minute collections. Clayton County, 
Iowa. 1972 
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Table 5. Combined analysis of variance for the 4 treatments combined 
over the T sampling ^ atesl Fîym^^mîmite^nîtîectixrns^^iaytoiry 
County, Iowa. 1972 
Source DF S squares M squares 
Block 3 579.84 193.28 
Treatment 3 4217.91 1405.97 
Species 1 11583.09 11583.09 
Treatment x species 3 265.93 88.64 
Sex 1 36437.04 36437.04 
Treatment x sex 3 4766.97 1588.99 
Species x sex 1 8325,10 8325.10 
Block X treatment 9 1382.16 153.57 
Block X species 3 165.91 55.30 
Block X treatment x species 9 319.01 35.44 
Block X sex 3 599.70 199.90 
Block X treatment x sex 9 1716.34 190.70 
Block X species x sex 3 81.42 27.14 
Date 8 38740.64 4842.58 
Treatment x date 24 8091.25 337.13 
Date X species 8 4463.26 557.90 
Treatment x date x species 24 926.34 38.59 
Date X sex 8 32323.24 4040.40 
Treatment x date x sex 24 8498.26 354.09 
Date X species x sex 8 3968-16 496.62 
Error 'A' 36 4264,56 118.46 
Residual 419 20580.76 49.11 
Corrected total 574 188032.43 327.58 
* 
;** 11.86 
0,74N.S. 
307.58 
13.41 
70.27 
** 
** 
** 
98.58 
6.86* 
11.35' 
* 
82.25 ** 
= Significant at P > 0.05. 
** = Significant at P >0.01. 
N.S. _ 
Nonsignificant. 
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Table 6. Analysis of variance for egg counts based on soil sampling 
following frost and treatment means. Clayton County, 
Iowa. 1972 
Source DF S squares M squares 
Blocks 
Treatments 
Residual 
Corrected total 
3 
3 
9 
15 
77.0 
139.5 
336.5 
553.0 
25.6 
46.5 
37.4 
36.9 
1.24 N.S, 
Treatment Eggs/pint 
1. Pioneer 3773 in 30-in rows 13 .0 
2. Pioneer 3773 in 30-in rows 5 .0 
(with Pollen substitute) 
3. Pioneer 3773 in 15-in rows 10 .0 
4. Mixed-maturity hybrids 8 .8 
= Nonsignificant. 
B. Preliminary Trap Crop Field Studies 
A study was designed and implemented in 1972 in Allamakee County, 
Iowa, to investigate the magnitude and timing of adult corn rootworm 
movement from a field of conventional corn to an adjacent late planting 
of trap corn. 
1. Procedures 
In 1972; a 10-acre field was planted to corn on 4 May, and on 26 
June, a 16-row strip of mixed-maturity hybrid corn was planted in 30-in. 
rows at 38,000 plants/acre along the northern and eastern borders of the 
cornfield. Thirteen sampling sites were marked (Figure 7) and maintained 
throughout the season. The 3 sampling methods described in Section III 
were used in this study, and sampling was weekly from 16 August until 
23 September. 
Follow-up studies were initiated in 1973. The entire field of corn, 
except three 4-row check strips that coincided with a straight line inter­
secting sample sites 4, 5, and 6 (1972 trap-corn area); 8 and 12 (1972 
conventional corn); and 7 and 13 (also 1972 conventional corn), was treated 
with a rootworm insecticide at planting time. The area encompassing 1972 
sample sites 1, 3, and 7 was seeded to oats in 1973. 
On 11 July 1973; 5 emergence cages (see Figure 12 in Section IV, 
Division C, page 54) were positioned every 100 ft along the inner 2 rows 
of each 4-row untreated check strip. The cages were checked weekly for 
adult rootworms, and beetles were removed and recorded by species. 
Plant lodging was determined by counting the number of plants lean­
ing sore than 30° in the middle 2 rows of each 4-row untreated check 
strip. 
Soil samples, as described in Section III, were taken at each sample 
site on 15 August, 1 September, and immediately after the first killing 
frost. 
2. Results 
Mean numbers of western and northern corn rootworms recorded from 
each sampling method in the conventional corn and trap corn are presented 
graphically in Figures 8 and 9. Counts of western corn rootworms/25 corn 
plants and 5-minute collection counts showed movement into the trap corn 
Figure 7, Diagram of the 16-rows of late-planted mixed-
maturity hybrid trap corn bordering a field of 
conventional corn. Allamakee County, Iowa, 1972 
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Figure 8. Mean numbers of western corn rootworm adults 
present in the trap and conventional corn. 
Allamakee County, Iowa. 1972 
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Figure 9. Mean numbers of northern corn rootworm adults 
present in the trap and conventional corn. 
Allamakee County, Iowa. 1972 
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beginning in mid-August and peak activity in the trap corn in early 
September, but sticky traps showed a very low beetle population through­
out the season in the trap corn and a declining population in the conven­
tional corn. Beetle counts/25 corn plants and 5-minute collection counts 
also indicated a declining beetle population in the conventional corn. 
By late September no western corn rootworms were observed in the conven­
tional corn. A very high female:male sex ratio was recorded in the trap 
corn (Figure 8). 
Populations of northern corn rootworms were low and movement into 
the trap-corn areas was irregular. Adult northern corn roob-jorms remained 
in the conventional corn later in the season and moved into the trap corn 
later than the western corn rootworms. 
Data from November soil samples for rootworm eggs indicated only 
slightly more eggs in the trap area: 5.83 eggs/pint of soil from the 
trap area versus 4.28 eggs/pint of soil from the conventional corn area. 
Data from the earlier soil samples showed that oviposition began before 15 
August in the conventional corn but rootworm eggs were not found in the 
trap-corn area until the next sampling period, 1 September. At that time 
equal numbers of eggs were noted in the conventional and trap-corn areas. 
C. Discussion 
The results of these studies showed that the mixed-maturity hybrid 
trap plantings had the highest populations of rootworm beetles when the 
3 sampling methods over the 9 sampling dates were combined. 
The beetles/25 corn plants sampling method showed a significant 
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difference in treatment means at the 0.01 level only on 17 August. On 
that date, treatment #3 (Pioneer 3773, planted in 15-in rows) showed 
significantly more rootworm beetle activity. Narrow-row spacing in trap 
corn, however, is usually discussed regarding uniformity of egg deposition 
rather than offering differential degrees of attractiveness to ovipositing 
adult rootworms. As a result of early studies reporting rootworm oviposi-
tion at the base of the corn plant (Chiang, Sisson, and Rasmussen 1969), 
workers postulated that equidistant planting configurations would result 
in uniform infestations the next year. Early planting schemes of trap 
crops, therefore, varied from broadcast seeding to various combinations 
of row and plant spacings in an attempt to concentrate beetles and insure 
uniformity of infestations when the trap areas were to be used for root-
worm insecticide screening trials and(or) plant resistance investigations 
the following year. 
According to 5-minute collections, the mixed-maturity hybrid corn 
plantings attracted a sigr.ificar.tly greater number of adult rootworms 
over a longer period of time than the other 3 treatments. This corrob­
orates the traditional opinion that providing corn pollen during the 
months of August and September will attract high populations of rootworm 
adults. Treatment #2, however, which had 3 applications of pollen substi­
tute, failed to attract a high beetle population. 
The 5-minute collection method offered an opportunity to determine 
sex ratios. Although male populations were generally low in both the 
conventional and trap areas, the female:male ratio was disproportionally 
high in the trap areas in favor of females. 
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Due to very high coefficients of variation, differences in treat­
ment means from sticky trap collections were not statistically signifi­
cant. Sticky traps have been used as survey tools for other insects 
(Broadbent 1948) even though they are not a widely used method of measur= 
ing rootworm populations. Sticky trap collections showed a rapid increase 
in western corn rootworm activity in the trap areas in mid-August, fol­
lowed by a slow decline in activity throughout September. But they showed 
only minor northern corn rootworm activity in the trap areas during the 
entire season. The 2 other sampling methods showed significant movement 
into the trap areas by both species 2 weeks later than sticky trap data. 
The study did not provide a definite answer of whether significantly 
more oviposition occurred in any of the 4 treatments or in the conven­
tional corn although numerical differences in eggs/pint of soil did exist. 
Short and Hill (1972) reported that peak beetle oviposition occurred during 
the 2nd or 3rd week after emergence, and peak female beetle emergence 
about 10 August in the study area (Unpublished data. Entomology Depart­
ment, Iowa State University). Evidence of movement of corn rootworms 
out of the conventional corn (Figure 4) 2 weeks following peak emergence 
suggests a strong possibility for significant oviposition to occur in the 
trap area, thereby limiting the number of eggs deposited in the conven­
tional corn. 
Unfortunately, eggs/pint of soil presently cannot be correlated with 
populations of rootworm larvae necessary the next year to cause economic 
damage to the roots of the corn plant; consequently, lower limits of 
eggs/pint of soil associated with economic damage the following year also 
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cannot be established. 
Preliminary assessment in Allamakee County of populations of adult 
corn rootworms in cornfields with contiguous plantings of trap corn 
showed pronounced movement of female western corn rootworms into adjacent 
trap plantings. Northern corn rootworms, however, remained in the conven­
tional corn later in the season and moved into the trap corn later than 
the western corn rootworm. 
Soil sampling for rootworm eggs also failed to show definite evi­
dence of greater oviposition in either of the two areas, conventional 
corn or trap corn, but plant lodging counts the following year in the un­
treated check-strips showed greater lodging in the trap area than in the 
conventional corn area. 
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IV. 1973-74 STUDIES 
A. Evaluation of 2 Trap Crop Planting Schemes 
A study was begun in 1973 and continued in 1974 in Clayton County, 
Iowa, to evaluate the relative efficiency of 2 planting schemes for root-
worm trap crops. Comparisons were made between strips of trap corn 
interplanted within a conventional cornfield and a single strip of trap 
corn bordering a conventional cornfield. 
1. Procedures 
a. Test site Location #1 was a 40-acre field of corn (Dekalb 
XL-43, a full season hybrid) planted 8 May 1973. Two strips of mixed-
maturity hybrid trap corn (1150-1650 heat units to silking), each 16 
rows wide and ca. 800 ft long, (#1 and #3, Figure 10), were planted on 
29 June in 30-in. rows at 38,000 plants/acre along separate semiparallel 
contour terraces. The 2 strips of trap corn were separated by 30 Tci-is 
of conventional corn on the east and 60 rows of conventional corn on 
the west end. 
Location #2 was a 60-acre field of corn (Funks 4444, a full season 
hybrid) planted on 12 May 1973. A single 16-row strip ca. 1000 ft long 
of mixed-maturity hybrid trap corn was planted along the western border 
of the field on 30 June in 30-in. rows at 38,000 plants/acre (#1, Figure 
11). 
b. Sample sites At field location #1, sampling sites in the 
trap corn were every 100 yds along east-west rows 8 and 9 of each 16-row 
Figure 10. Location #1, showing the 2 16-row interplantings of mixed-
maturity hybrid trap corn in a field of conventional corn. 
Sample sites appear as black dots. Clayton County, Iowa. 
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Figure 11. Location #2, showing the single 16-row planting of mixed-
maturity hybrid trap corn bordering a field of conventional 
corn. Sample sites appear as black dots. Clayton County, 
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strip of trap corn and are identified with black dots in Figure 10. 
Sample sites in the conventional corn were every 100 yds along a pre­
selected single row parallel to the contours of the trap corn. A sample 
row of conventional corn was selected midway between the 2 strips of 
trap corn (#2, Figure 10) and a second sample row of conventional corn 
was selected 30 rows from the 2 trap corn strips (#4, Figure 10). Strips 
#1, #2, #3, and #4 were permanently marked in 1973 for use in 1974. Two 
additional strips of conventional corn were marked in the same field in 
1974 (#5 and #6, Figure 10). The sample sites are marked by black dots 
(Figure 10). 
At field location #2, sampling points in the trap corn were every 
100 yds along rows 8 and 9 of the single 16-row trap corn strip bordering 
the west end of the cornfield. Sample points within the strip are repre­
sented by black dots in Figure 11. Sample points within the conventional 
corn were every 100 yds along a preselected single row (#2, Figure 11) 
parallel to the trap corn strip. Thirty-five rows of conventional corn 
separated the sample row in the trap corn and the sample row in the conven­
tional corn. 
Also in 1974; when the 2 fields (locations #1 and #2) were again 
planted to corn and treated with a rootworm insecticide, 4-rows of un­
treated corn were left in the middle of each strip of the 1973 trap corn 
(#1 and #3, location #1, Figure 10, and #1, location #2, Figure 11). 
Four rows of untreated corn also were left in the approximate areas of 
each sampled row of 1973 conventional corn (#2 and #4, location #1, 
Figure 10, and #2, location #2, Figure 11) and along the 2 additional 
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strips of conventional corn identified in 1974 as #5 and #6 (Figure 10). 
c. Sampling methods In 1973 the 3 sampling methods described 
in Section III were used weekly at each sample site from 10 August until 
15 September to establish a basis for comparing population fluctuations 
between the trap corn and the conventional corn at field locations #1 
and #2. The one exception was that the 1-quart ice cream cartons used 
as sticky traps were painted crown yellow, Diamond Vogel No, E-3301, 
Diamond Products, 703 South Third Street, Marshalltown, Iowa. (Investi­
gations in 1972 using 5 colors of sticky traps indicated that crown 
yellow traps captured the most adult rootworms and tests for differences 
of variability of trap color indicated no significant differences.) 
To determine rootworm emergence in 1973, 50 emergence cages (Figure 
12) were located in each of 3 different cornfields near the 2 locations. 
Ten sites per cornfield were identified and 5 cages were placed at each 
site. Emergence traps were Rubber Maid dishpans, 11% in. x 13% in. x 
5% in. developed by n. 11. Luckuian, Nat. Res. Bldg., Sec. of Keen, Ent., 
University of Illinois, Urbana, Illinois. A circular hole 2.5 in. diam 
was drilled in the bottom of each pan to accommodate the corn plant. The 
dishpan was inverted over the cornstalk, placed flat on the ground and 
soil was piled alongside. A second circular hole 2.5 in. diam was drilled 
next to the initial hole to accommodate the neck of a 1-pint clear Mason 
jar. A pointed, paper drinking cup with a lip diameter the same as the 
neck of the jar was placed inside the jar with the pointed end removed 
to allow passage of light. Adult beetles emerging from the soil exhibit 
a positive phototactic response and enter the glass jar through the paper 
Figure 12. Adult corn rootworm emergence cage 
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drinking cup. The jars were examined weekly and captured beetles were 
removed, counted and returned to the laboratory for sex determination. 
In 1974, these emergence traps also were used to determine adult 
emergence/sample row of the 1973 conventional corn and 1973 trap corn. 
Five emergence traps were placed along the inner 2 of the 4 untreated 
rows of corn at each 1973 sample site (sample rows #1 - #6, location #1, 
Figure 10, and sample rows #1 and #2, location #2, Figure 11). Each trap 
was checked weekly from early July until late September for emerging adult 
rootworms. Beetles captured in the Mason jars were removed, recorded by 
species and returned to the laboratory for sex determination. 
2. Results 
Movement of western corn rootworm and northern corn rootworms from 
conventional corn to trap plantings of mixed-maturity hybrid corn at 
location #1 is shown in Figures 13 and 14. Western corn rootworm movement 
into the trap-corn areas on 24 August corresponded to the beginning of 
pollen shedding in the trap corn. Pollen shedding in the trap corn con­
tinued until the latter part of September, and in the conventional corn, 
pollen shedding was completed by the last week in July. Numbers of 
beetles/25 corn plants and beeties/5-minute collections in the conven­
tional corn indicated that numbers of adult rootworms dropped signifi­
cantly on the same dates that adult numbers were increasing in the trap 
corn areas. Sticky traps, however, showed considerable beetle activity 
in the adjacent conventional corn after the 2 other sampling methods 
indicated only slight western corn rootworm activity. 
Figure 13. Mean number of western corn rootworm adults 
present in the trap and conventional corn at 
location #1, Clayton County, Iowa. 1973 
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Figure 14. Mean number of northern corn rootworm adults 
present in the trap and conventional corn at 
location #1, Clayton County, Iowa. 1973 
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Northern corn rootworm movement into the trap corn areas started 
much later and peaked later than western corn rootworm movement. Whether 
this late movement was in response to the trap corn is questionable and 
is the subject of a later study reported in Section IV-B, subdivision 4). 
Northern corn rootworm activity peaked at peak emergence and declined 
thereafter in the conventional corn. Peak emergence of the northern and 
western corn rootworm is shown in Figure 15. 
The males of both species maintained a low population profile in 
the conventional corn as well as in the trap corn until 15 September when 
a small increase in males of both species was recorded in the trap-corn 
areas (Figure 13 and 14). 
Numbers of rootworm eggs/pint of soil of the trap and conventional 
areas at location #1 are given in Table 7. Total numbers of eggs/pint 
in all areas after the first killing frost were similar with the excep­
tion of one of the conventional corn strips which had only 2.0 eggs/pint 
of soil; In. the conventional corn area. 71% of the rootworm eggs were 
recovered on the 3 November sampling date when only the sticky traps were 
showing late season beetle activity. In the trap corn area, 69% of the 
eggs were recovered on the 9 September sampling date. 
Results of adult rootworm emergence in 1974 at location #1 appear 
in Table 8. With the exception of conventional #6, mean numbers of 
adult western corn rootworms are not significantly different at the 0.05 
level of probability. Trap #1 which had the highest egg count in 1973 
had the lowest number of emerging adults in 1974. Conventional #6 had 
the highest number of emerging adults/cage in 1974, and this indicates 
Figure 15. Seasonal western and northern corn rootworm 
emergence combined from 3 locations in Clayton 
County, Iowa. 1973 
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Table 7. Mean numbers of corn rootworm eggs/pint of soil of 3 sampling 
dates during the season in the trap and conventional corn areas, 
location #1, Clayton County, Iowa. 1973 
Conven- Conven­
Trap t ional Trap tional SE 
Date #1 #2 #3 #4 difference 
9 August 0.0 0.57 0.14 0.14 0.49 
9 September 3.42 0.71 5.42 1.57 4.2 
3 November 7.14 2.00 5.85 5.57 8.0 
SE difference 6.3 2.16 6.50 7.20 
Table 8. Total and mean western and northern corn rootworms emerged/site, 
location #1, Clayton County, Iowa. 1974 
Total Total 
western northern 
corn corn 
rootworms Mean/site rootworms Mean/site 
Trap area #1 11.0 2.2 15.0 3.0 
Conventional #2 20.0 4.0 43.0 8.6 
Trap âïcâ uj 21 eO 4.2 27.0 5.4 
Conventional #4 24.0 4.8 44.0 8.8 
Conventional #5 20.0 4.0 54.0 10.8 
Conventional #6 64.0 12.8 115.0 23.0 
LSD 0.05 7.9 12.6 
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that the 1973 trap corn 225 ft away had a lessening influence on western 
corn rootworm beetle populations in 1973. Consistently more northern 
corn rootworms emerged from the conventional corn areas, evidence that 
ovipositing northern females did not move to adjacent trap plantings as 
did the western corn rootworms. This is consistent with data in Figures 13 
and 14 which show a late migration to the trap corn areas by northern corn 
rootworms as opposed to the early movement to the trap areas by the 
western corn rootworm. Conventional #6 also had a statistically signifi­
cant (0.05 level) higher number of northern corn rootworm emerging adults/ 
cage and likewise indicates diminishing trap-corn influence on the north­
ern corn rootworm beetle populations in 1973. 
Western and northern corn rootworm movement from conventional corn 
to adjacent trap plantings at location #2 appears in Figures 16 and 17. 
Overall beetle populations were considerably lower than at location #1, 
and movement into the trap areas and out of the conventional corn was not 
as evident. Sticky trap data for the western corn rootr^orm showed a 
steady increase in beetle numbers in both the conventional and trap corn. 
Beetles/25 corn plants and 5-minute collections showed northern corn 
rootworms moving into the trap corn late in the season, and sticky trap 
data showed an unusual peak of northern corn rootworms late in the season 
in the conventional corn and trap corn. 
Numbers of rootworm eggs/pint of soil of the trap and conventional 
areas at location #2 are given in Table 9. Significantly more eggs were 
found in the trap area than in the conventional corn on the 3 November 
sampling date. Results of adult rootworm emergence in 1974 at location #2 
Figure 16. Mean number of northern corn rootworm adults 
present in the trap and conventional corn at 
location #2, Clayton County, Iowa. 1973 

Figure 17. Mean number of western corn rootworm adults 
present in the trap and conventional corn at 
location #2, Clayton County, Iowa. 1973 
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Table 9. Mean number of corn rootworm eggs/pint of soil at 3 sampling 
dates during the season in the trap and conventional corn 
areas, location #2, Clayton County, Iowa. 1973 
Conven-
Trap tional SE 
Date area area difference 
9 August 0.0 0.0 MM 
9 September 1.2 1.1 1.1 
3 November 4.5 1.4 2.9 
SE difference 4.02 1.66 
Table 10. Total and mean western and northern corn rootworms emerged/ 
site, location #2, Clayton County, Iowa. 1974 
Western corn rootworms Northern corn rootworms 
Area Total Mean/site local Mean/site 
Trap 47.0 9.4 15.0 3.0 
Conventional 33.0 6.6 21.0 4.2 
LSD 0.05 4.1 1.40 
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appear in Table 10. Slightly more western corn rootworms emerged in 
1974 from the 1973 trap area than in the 1973 conventional corn area, 
and more northern corn rootworms emerged from the conventional corn 
than from the 1973 trap area. However, none of these differences were 
significant at the 0.05 level. 
B. Supplemental Studies 
1. Trap crops as silage 
In 1973 a study was initiated to determine the animal feeding value 
of late-planted trap corn harvested for silage. 
a. Procedures Five 1/1000-acre samples of the aerial parts of 
corn plants were taken in the trap-corn areas of locations #1 and #2 in 
Clayton County, Iowa. Chopped 5-pound composite samples were later sub­
mitted to Iowa Testing Laboratories, Inc., Eagle Grove, Iowa, for analysis 
of: (1) protein, (2) fiber, (3) moisture, (4) ash, and (5) Nitrogen-Free-
Extract 
b. Results Laboratory analysis of the silage samples taken 
for the 2 trap-corn areas of location #1 and #2 is shown in Table 11. 
Comparing component percentages from the 2 locations with the standard 
values shows no appreciable deficiencies in content except yield. The 2 
locations of silage yielded about 25% less total tons/acre of silage than 
what was an acceptable yield of silage in Iowa. 
2. Trap crops and 2nd generation European corn borers 
Investigations were conducted in October, 1973 to determine if the 
late-planted trap corn adjacent to conventional corn was differentially 
71 
Table 11. Laboratory analysis of silage samples taken from the 2 trap-
crop areas at locations #1 and #2 compared with an acceptable 
standard yield. Clayton County, Iowa. 1973 
Component Loc. #1 Loc. #2 Standard^ 
Yield (tons/acre) 15.6 14.4 20.0 
Moisture 61.0% 62.1% 71.7% 
Protein (dry basis) 6.8% 9.0% 8.2% 
Fiber (dry basis) 29.7% 25.3% 24.2% 
Ash (dry basis) 4.6% 2.6% 5.9% 
N.F.E. (dry basis) 58.4% 62.2% 58.7% 
National Academy of Sciences (1971). 
attractive to 2nd generation ovipositing European corn borer moths, 
Ostrinia nubilalis (Hubner). 
a. Procedures Corn plants were split in half from the tassel to 
the ground and examined for corn borer larvae (McWhorter 1973). Ear shanks 
also were inspected. Four sites were identified in each trap and con­
ventional corn area at both locations #1 and #2, and 10 stalks were 
split at each site. 
b. Results Mean numbers of borers/stalk in the trap corn were 
0.41 and in the conventional corn 0.52 borers/stalk. The analysis of 
variance is given in Table 12 and differences in numbers of borers/stalk 
between the trap and the conventional corn were not significant. 
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Table 12. Analysis of variance for variable corn borers/cornstalk in 
the trap and conventional corn areas. Locations #1 and #2, 
Clayton County, Iowa. 1973 
Source DF Sum of squares Mean squares F 
Treatments 1 0.0457 0.0457 1.20 * 
Error 18 0.6828 0.0379 
Residual 18 0.6828 0.0379 
Corrected total 19 0.7285 0.0383 
= Nonsignificant. 
3. Trap crop population studies of Carabidae 
Biological control of the western and northern corn rootworm larvae 
is often discussed in relation to the ground beetles (Coleoptera; 
Carabidae) as predators. Esau (1968) compiled an extensive list of soil 
arthropods, including Carabidae, present in Iowa cornfields, and reported 
that several species of carabids would eat rootworm larvae in laboratory 
feeding trials. The importance of this phenomenon in the agroecosystem, 
however, is not known. 
Investigations were initiated in 1973 to measure populations of 
ground beetles in both the conventional and trap corn areas to determine 
the effect of disturbing the conventionally planted cornfield with late 
plantings of trap corn. 
a. Procedures After planting the trap corn, a pitfall trap was 
placed along the corn row at each sample site of locations #1 and #2 in 
Clayton County, Iowa. Each pitfall trap consisted of a 6-in, metal sleeve 
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inserted into a 6-in. x 4-in. hole in the ground and a spun aluminum 
funnel 4.5-in. diam placed in the top of the sleeve flush with the soil 
level. A 4.75 fl oz baby food jar was filled ca. 1/2 full with a 10% 
Formalin solution and the jar placed directly beneath the funnel. The 
pitfall traps were installed on 3 July and the jars were replaced weekly 
until 11 September. 
b. Results The most common species captured in the conven­
tional and trap-corn areas were Harpulus pennsvlvanicus. Bembidion 
quadrimaculatum. Tachvs anceps, and an unidentified species of 
Anisodactvlus. Mean numbers of all genera captured in the trap and con­
ventional corn areas on the 9 sampling dates are given in Tables 13 and 
14. More beetles were captured in the trap areas on the first sampling 
dates, but as the season progressed, little difference in populations 
of carabids existed between the conventional and trap corn. 
4. Seasonal oviposition and movement outside cornfields by western and 
northern corn rootworms 
An additional study was initiated in 1973 in a cornfield heavily 
infested with western and northern corn rootworms in Worth County, Iowa. 
The purpose of the study was to determine seasonal oviposition inside 
cornfields and dispersal of rootworm beetles out of cornfields, 
a. Procedures 
1) Adult movement The 80-acre cornfield selected for the 
study was bounded on 3 sides by soybean fields and on 1 side by a corn­
field. Two sticky traps were positioned on each of 2 sides of the 
Table 13. Mean number of Carabidae collected in the conventional corn 
and trap corn with pitfall traps during the 9 sampling 
intervals. Location #1, Clayton County, Iowa. 1973 
Jul 10 Jul 17 Jul 26 Jul 31 
Insect #1 #1 #3 #4 
Trap Conv Trap Conv Trap Conv Trap Conv 
Pterostichus chalcites 3. ,2 0, ,1 0. ,0 0, .0 0, ,2 0, .0 0. ,0 0, ,0 
Pterostichus lucablandus 0. ,8 0, .3 0. ,2 0, .0 0, .0 0, .0 0. ,3 0, .0 
Bembidion rapidum 0. . 1  0, .2 0. ,7 0, .2 0, .0 0, .1 0. ,2 0, .1 
Bembidion quadrimaculatum 9. ,7 4, .3 23, .4 7 .9 6, .4 2 .  3 5. ,9 2 .2 
Tachvs anceos 3. ,7 1, .2 2, .3 0 .5 0, .2 0 .0 0, ,2 0 .1 
Microlestes linearis 0, .3 0 .0 0 .0 0 .0 0 .0 0 .0 0, .0 0 .0 
Aeonum placidum 0, .0 1 .4 1 .8 1 .3 5 .2 1 .4 6, .8 1 .4 
Agonaderus comma 0, .5 0 .0 0 .2 0 .0 0 .2 0 .0 1, ,0 0 .0 
Clivina impressifrons 0 .2 0 .0 0 .1 0 .0 0 .1 0 .0 0 .0 0 .0 
Evarthrus alterrans 0 .5 0 .2 0 .4 0 .2 0 .0 0 .1 0 .2 . 0 .0 
Harpalus pennsvlvanicus 13 .1 4 .7 37 .4 27 .2 32 .0 23 .2 27 .4 37 .3 
Abacidas permundus 0 .0 0 .0 0 .5 1 .0 1 .5 1 .2 2 .5 2 .0 
Anisodactylus 0 .4 0 .1 0 .0 0 .0 0 .0 0 .0 0 .2 0 .1 
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Aug 6 Aug 13 Aug 20 Aug 27 Sept 4 
#5 #6 #7 #8 #9 
Trap Conv Trap Conv Trap Conv Trap Conv Trap Conv 
0 . 1  0 . 0  
0 . 2  0 . 0  
0 .2  0 .1  
1.9 1.1 
0 . 0  0 . 0  
0 .0  0 .0  
4.1 1.4 
1.6 0.0 
0 . 1  0 . 0  
0.7 0.4 
26.7 17.4 
1.9 2.6 
0.4 0.0 
0 .1  0 .0  
0 . 0  0 . 0  
0 . 0  0 . 0  
1=3 1.2 
1.1 0.3 
0 .0  0 .0  
0.8 0.1 
2.3 0.0 
0 . 0  0 . 0  
0 . 0  0 . 0  
25.4 14.2 
1.7 2.5 
0 .1  0 .1  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 1  0 . 0  
1.2 0.9 
1 .1  0 .1  
0 .0  0 .0  
0 . 1  0 . 1  
6.3 0.0 
0 . 0  0 . 2  
0 .0  0 .1  
14.8 8.0 
0.7 1.4 
0 .0  0 .0  
0 . 0  0 . 2  
0 .1  0 .0  
0 . 0  0 . 0  
1 .1  1 .8  
0.7 0.0 
0 . 0  0 . 0  
0.3 0.0 
4.5 0.2 
0 . 0  0 . 0  
0 .1  0 .0  
11.2 8.8 
1.0 1.4 
0.3 0.1 
0.1  0 .0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0.8 0.4 
0,3 0.3 
0 . 0  0 . 0  
0 . 1  0 . 1  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 2  
3.5 5.3 
0.4 0.8 
0 . 0  0 . 1  
Table 14. Mean number of Carabidae collected in the conventional corn 
and trap corn with pitfall traps during the 9 sampling 
intervals. Location #2, Clayton County, Iowa. 1973 
Jul 10 Jul 17 Jul 26 Jul 31 
Insect #1 #2 #3 #4 
Trap Conv Trap Conv Trap Conv Trap Conv 
Pterostichus chalcites 18. ,0 0. ,1 0, ,8 0. 3 0.1 0. .1 0.3 0. 5 
Pterostichus lucablandus 0, .6 0, .2 0. ,3 0. .1 0.0 0, ,0 0.0 0. ,0 
Bembidion rapidurn 3, .1 0, .1 1. ,3 1. .0 0.2 0, .2 0.0 0. ,0 
Bembidion quadrimaculatum 13, .1 9. 4 30. ,8 11. ,5 5.5 2, .2 5.6 4. ,4 
Tachvs anceps 7 .4 0 .9 4, .8 1. ,0 0.5 0 .2 0.7 0, .0 
Microlestes linearis 0 .7 0 .0 0, .0 0, .0 0.0 0 .0 0.0 0, .0 
Aeonum placidum 0 .3 0 .0 0. 6 0, ,5 0.3 0 .0 1.2 0, .0 
Agonaderus comma 7 .7 0 .1 0 .1 0, .8 0.1 0 .0 0.3 0 .4 
Clivina impressifrons 0 .6 0 .2 0 .2 0, .0 0.0 0 .0 0.0 0 .1 
Evarthrus alterrans 0 .0 0 .3 0 .9 1 .8 0.7 2 .1 1.3 1 .3 
Harpalus pennsvlvanicus 9 .8 7 .6 30 .9 19 .5 26.6 11 .7 15,3 16 .6 
Abacidas permundus 0 .0 0 .0 0 .0 0 .0 0.2 0 .1 0.3 0 .1 
Anisodactylus 6 .7 0 .3 0 .9 0 .7 0.5 0 .4 0.3 0 .6 
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Aug 6 Aug 13 Aug 20 Aug 27 Sept 4 
#5 #6 #7 #8 #9 
Trap Conv Trap Conv Trap Conv Trap Conv Trap Conv 
0.4 0.2 
0.2 0.1 
0.2 0.2 
2.2 2.5 
1.9 0.1 
0 .0  0 .0  
0.5 0.1 
1 . 0  0 . 2  
0 . 0  0 . 1  
3.2 2.6 
20.9 8.5 
0.4 0.0 
0.2 0.3 
0.4 0.4 
0 . 0  0 . 0  
0.4 0.4 
5.5 6.3 
11.6 1.5 
0.0  0 .1  
0 .0  0 .2  
0.5 0.0 
0 . 0  0 . 0  
0.8 0.9 
21.5 10.2 
0.3 0.1 
1.2 0.4 
0.4 0.3 
0 . 1  0 . 1  
0 .1  0 .0  
2.1 2.3 
4.2 0.5 
0 .0  0 .0  
0 . 0  0 . 1  
1.3 0.0 
0 . 0  0 . 0  
0.4 0.3 
20.1 7.7 
0 . 0  0 . 0  
0.4 0.1 
0.7 0.4 
0 . 1  0 . 1  
0 . 2  0 . 1  
2.8 1.3 
3.2 0.1 
0 . 0  0 . 0  
0 . 0  0 . 0  
1.3 0.1 
0 . 0  0 . 0  
0 .1  0 .2  
10.7 6.2 
0 . 0  0 . 0  
0.6 0.4 
0.6 0.3 
0 . 1  0 . 1  
0.1 0.3 
2.4 1.0 
2 . 8  0 . 1  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0.0 0.3 
11.5 4.9 
0 . 0  0 . 0  
0.2 0.3 
78 
cornfield and 1 sticky trap on the third side. Although a sticky trap 
was used on the side bounded by the cornfield, the results will not be 
discussed in this section. 
Traps were flat sticky boards 12 in. wide and 10 ft high, constructed 
from 1/8-ln. tempered pegboard, painted crown yellow (Diamond Vogel No. 
E-3301), and coated with Tack Tra®. A sticky board was nailed to each 
side of a 14-ft 2x4 and the 2x4 placed in the ground to a depth of 3 
feet. The traps were positioned in the soybean fields ca. 75 ft from the 
cornfield, with one of the flat sides facing the cornfield and the other 
facing the soybean field. The traps were monitored weekly for rootworm 
activity from 16 August until 20 September. Fresh Tack Tra^was applied 
weekly after removing all insects. 
2) Seasonal oviposition Twenty soil samples were retrieved 
from the same 80-acre cornfield at weekly intervals from 16 August to 
12 September and once after the first killing frost. The soil was washed 
and the residue examined for rootwonu eggs as described in Section III. 
b. Results Mean numbers of western and northern corn rootworms 
recorded from the sticky traps during the 6 periods are shown in Table 15. 
Except for the first sampling period, western corn rootworms tended to 
show low bettle activity outside the cornfield. The northern corn root-
worms showed increased activity beginning 5 September with peak activity 
outside the cornfield on 12 September. This late season dispersal date 
coincides with the date of peak numbers of northern corn rootworms 
migrating into the trap corn areas in the studies reported in Section IV. 
Average numbers of eggs/pint of soil of the 20 samples from the 5 
Table 15, Mean number of western and northern corn rootworms captured on the flat 
vertical sticky traps at dates indicated. Worth County, Iowa. 1973 
16 Aug 
Soy-
Corn bean 
side side 
24 Aug 
Soy-
Corn bean 
side side 
29 Aug 
Soy-
Corn bean 
side side 
5 Sept 
Soy-
Corn bean 
side side 
12 Sept 
Soy-
Co m bean 
side side 
20 Sept 
Soy-
Corn bean 
side side 
Western 
corn 
rootworm 105^ 32 36 32 61 32 22 48 34 38 49 62 
Northern 
corn 
rootworm 16 23 33 72 53 61 157 159 324 364 46 50 
^Each mean based on 5 observations. 
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weekly sampling dates and at frost appear in Table 16. Oviposition 
began by 16 August and continued until frost. Egg deposition after the 
29 August sampling was 15% of total egg deposition and 50% of the total 
egg deposition occurred after mid-September. 
Table 16. Mean number eggs/pint of soil on dates indicated. Worth 
County, Iowa. 1973 
16 Aug 23 Aug 29 Aug 5 Sept 12 Sept 3 Nov 
Total 
eggs/pint 1 
of soil 3.2^ 3.9 4.5 5.9 9.8 18.5 
Each mean is based on 200 observations (1 composite sample = 10 
soil cores x 20 composites). 
5. Age structure of female rooOforms immigrating to trap corn 
A study was initiated in 1973 to determine the age structure based 
on egg deposition/female of western and northern corn rootworms immi­
grating to late planted trap corn. 
a. Procedures From 19 August until 10 October weekly collec­
tions of 100+ western and northern corn rootworm beetles were taken from 
the trap corn (location #1, sample rows #1 and #2, Figure 10). An initial 
collection was taken from the conventional corn on 12 August because there 
were very few beetles in the trap corn at that time. Beetles were re­
turned to the laboratory, and sex determinations were made under a 
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binocular microscope. Ten females of each species then were placed into 
10 petri dishes 3.5-in. diam. The bottom of each petri dish was lined 
with moistened No. 1 filter paper, and a 3.5-in. diam circle of moistened 
Cellu Cotton® was folded over and placed in the petri dish to serve as 
the oviposition substrate. 
Beetles were fed a mixture of fresh honey and pollen substitute. 
Honey was added to the pollen substitute until the mixture reached the 
consistency of rolled bread dough, and then a small amount of the mixture 
was rolled into a semidry ball and placed in the petri dish. Fresh diet 
was prepared weekly. 
Beetles were transferred to clean petri dishes weekly and the Cellu 
Cotton was replaced and examined under a binocular microscope for root-
worm eggs. Weekly egg counts and beetle transfers were conducted until 
all 10 rootworms died. 
b. Results The westérn corn rootworm beetles collected on the 
8 sampling dates deposited an average of 302 eggs/female/lifetime. 
Northern corn rootworm females deposited only 108 eggs/female/lifetime. 
Average numbers of eggs/female for each species and an analysis of variance 
appear in Tables 17 and 18. Except for the first and last beetle collec­
tions, egg deposition/western female did not differ statistically between 
the consecutive sample dates. Egg deposition/northern corn rootworm 
showed a decreasing trend over time. 
A chronological pattern of oviposition of the collected beetles is 
shown in Figure 18. Western corn rootworm females began ovipositing 
within 3 days after collecting in the field and continued for 4-6 weeks. 
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Table 17. Analysis of variance, least significant differences values, 
and weekly means for egg deposition/western corn rootworm 
female from 8 consecutive weekly sampling dates. Worth 
County, Iowa. 1973 
Source DF S squares M squares LSD.01 LSD.05 F 
Wkly sampling 
dates 7 26984.0 28526.2 
Error 32 208371.4 6511.6 139.7 103.9 
Residual 32 208371.4 6511.6 
Corrected total 39 478055.5 12257.8 
Sampling date eggs/female 
1. 11 August 282.7 
2. 18 August 343.8 
3. 24 August 298.5 
4. 29 August 423.0 
5. 9 September 323.3 
6. 15 September 313.2 
7, 23 September 325.2 
8. 29 September 112.1 
= Significant at P >0.01. 
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Table 18. Analysis of variance, least significant difference values, 
and weekly means for egg deposition/northern corn rootworm 
female from 8 consecutive weekly sampling dates. Worth 
County, Iowa. 1973 
Source DF S squares M squares LSD,01 LSD,05 
Wkly sampling 
dates 
Error 
Residual 
7 62921.1 8988.8 
32 60106.5 1878,3 75.0 55.8 
32 60106.5 1878.3 
39 123028.4 3154.5 
4.78 
** 
Sampling date eggs/female 
1. 11 August 120.3 
2. 18 August 189.1 
3. 24 August 118.1 
4. 29 August 97.6 
5. 9 September 121.3 
6. 15 September 109.1 
7. 23 ScpuBmbcr 64.7 
8. 29 September 48.0 
** 
= Significant at P > 0.01. 
Figure 18. Mean number of eggs/female of the western 
and northern corn rootworm. 1973 
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Peak oviposition occurred during the second week, and beetles lived an 
average of 40 days with a range of 10-63 days. Northern corn rootworm 
females began ovipositing iiranediately but the duration of oviposition 
was ca. 2.5-3.5 weeks. Peak oviposition occurred after the first week 
and females lived an average of 29.8 days with a range of 5-45 days. 
C. Discussion 
The effectiveness of the trap cropping concept depends, inter alia, 
on the following 2 points; (1) time of female rootworm movement out of 
the conventional corn into the trap corn area in relation to the egg 
deposition potential of the population; and (2) the effective distance 
or area over which a trap crop will attract female rootwonns. 
Short and Hill (1972) and Gates (1968) reported that peak oviposition 
of the western corn rootworm was ca. 2-3 weeks following peak emergence of 
females. Pruess, Witkowski, and Raun (1974) reported that 50% of total 
egg deposition occurred 4 weeks after peak adult emergence. Egg data 
from soil sampling in Worth County, Iowa, in 1973 showed that 75% of 
total egg deposition occurred after 1 September. 
Peak female emergence in the study area was ca. 10 August and peak 
oviposition occurred in late August and early September when the majority 
of the adult beetle population was in the trap area. Sticky traps con­
sistently showed beetle activity in the conventional corn when no 
beetles were observed by the 25-plant and collection-count sampling 
methods. Sticky traps need to be researched further as population esti­
mators. Whether there is diel movement into and out of the trap and 
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conventional corn areas by the same population of rootworms, or if the 
numbers of beetles captured by the sticky traps represents a population 
level undetectable by the 2 conventional sampling methods is not known. 
Cinereski and Chiang (1968) suggested a seasonal movement when they 
reported that the food factor was unimportant to ovipositing northern 
corn rootworm females. They stated that female beetles dispersed in 
search of food when food was scarce, but returned to the cornfield when 
gravid. At location #1, some rootworms may have returned to the conven­
tional corn for egg deposition after having fed on fresh pollen in the 
trap area. Although the differences are not statistically significant, 
numerical differences do show more eggs found in the conventional corn at 
location #1 after the 9 September sampling date (Table 7). 
The data in Table 7 indicate a low egg output in the trap area con­
sidering the high beetle population present during peak oviposition. Pop­
ulation density can influence reproductive rates (Andrewartha and Birch 
1954). Crowding is known to depress reproduction in Drosophilia 
melanogaster Meigne (Pearl 1932) and Tribolium confusum Jacquelin du Val 
(Watt 1955), but Gates (1968) reported that oviposition rates of gravid 
female western corn rootv7orms crowded by 0, 1, 5, 10, and 20 males were 
not significantly different. Pruess, Witkowski, and Raun (1974) reported 
that fields with low beetle populations the previous year had higher popu­
lations of beetles the following year, and fields with higher populations 
the previous year had lower beetle populations the next year. In a regres­
sion analysis, the positive intercepts for all regression lines indicated 
a proportionally greater increase by low populations. This may be a 
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real population-dependent factor inherent in the trap cropping concept, 
and although not necessarily important in precluding significant ovi-
position in the conventional cornfields, it could account for a low egg 
deposition in trap corn areas with high beetle populations and a high 
egg count in the conventional corn with a very low beetle count. 
Data from location #1 and #2 showed that northern corn rootworms 
moved into the trap area at a later date than the western corn rootworm. 
Movement into the trap area by the western corn rootworm coincided with 
pollen shedding by the mixed-maturity hybrids and showed some evidence of 
beetle response to the trap plantings. Northern corn rootworm movement 
was later, and it may be that this late movement is a natural dispersal 
phenomena and may not represent a response to the trap plantings. The 
study in Worth County in 1973 showed a 3-4 fold increase in northern corn 
rootworms immigrating from the cornfields on the same dates that the 
movement into the trap areas by northern corn rootworms was observed at 
location #1 ar.d #2 in the 1973'-?4 Clayton County study. 
Cinereski and Chiang (1968) reported that northern corn rootworm 
dispersal out of cornfields was not age specific, but similar data on the 
western corn rootvjorm is not available. Experiments in 1973 to determine 
the age structure of beetles of both rootworm species captured in the trap 
area in Clayton County showed that weekly-captured northern corn root-
worms deposited fewer eggs as the season progressed. The weekly collec­
tions of western corn rootworms, however, except for the last collection, 
deposited a similar number of eggs. This indicates that female western 
corn rootvJorms immigrating into the trap areas were age specific and 
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probably had net begun to oviposit. The last collection of rootworms 
on 29 September laid significantly less eggs, and this probably repre­
sented the decline of oviposition. 
Western corn rootworm adult emergence at all sample strips was 
numerically similar at location #1, except for conventional #6 which 
showed significantly more adult emergence (Table 8). As discussed 
earlier, a population-dependent factor depressing the egg output of the 
beetles in the trap area may have caused the nonsignificant differences. 
Therefore, the reduced population levels in the conventional corn strips 
#2, #4, and #5, rather than the low emergence in the trap strips #1 and 
#3, should be emphasized. Northern corn rootworm emergence differences 
in the same strips, although not significant, showed consistently more 
emergence in the conventional corn than in the trap corn, and signifi­
cantly more northern corn rootworms emerged in conventional #6. At 
location #2, although the differences were not significant, more adult 
western corn rootworms emerged in the trap area and mora northern corn 
rootworms emerged in the conventional area. 
It is not possible to predict what the rootworm emergence level 
in the conventional corn would have been in the absence of the trap crop 
or if conventional #6 at location #1 represented this situation. Con­
ventional #6 may have been just one point along a gradient of lessening 
influence by the trap crop. And without the ability to predict a damag­
ing infestation based on larval sampling and(or) the presence of other 
preceding life stages of the rootworm, it also is impossible to identify 
a noneconomic population level to aid in establishing a distance beyond 
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which the trap crop was no longer influential. 
If beetles/plant in the trap corn at theoretical peak oviposition 
were converted to beetles/acre (beetles/plant x plant population/acre) 
and compared with beetles/plant converted to beetles/acre in the conven­
tional corn at peak emergence, a ratio based on the 2 population levels 
of beetles/acre would be ca. 1:4 (trap;conventional corn) for the western 
corn rootworm and ca, 1:2 (trap:conventional corn) for the northern corn 
rootworm. These ratios closely ally with the trap;conventional corn 
ratios based on the data in Table 8. Significant differences (0.05 level) 
in egg deposition and emerging adults the next year were not obtained 
between sampling points in the trap area and the sampling points in the 
conventional areas within 60 rows of the trap corn. Beyond 60 rows, 
however, significantly more adult rootworm emergence was observed in the 
trap area. Therefore, the influence of the 16-row strip of trap corn 
was concluded to be not beyond 60 rows, a trap:conventional corn ratio 
of ca. 1:4. Although not significant (0,05 level), more northern corn 
rootvjorms did emerge from the adjacent conventional areas than in the 
trap areas, and this certainly suggests that the 1:2 ratio of trap:con­
ventional for the northern corn rootworm more aptly delineates the situa­
tion with this insect; the 2 ratios are in agreement for the western 
corn rootworm. Therefore, it is plausible to conclude that the influence 
of a single 16-row strip of trap corn in a conventional cornfield lessens 
as the distance from the trap increases and probably loses its major 
influence when the distance approaches 200 ft for the western corn 
rootworm and some distance less than that for the northern corn rootworm. 
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Whether these ratios of protection would differ with different 
population levels of rootworms is not known and should be investigated. 
They probably do limit or preclude the planting scheme of bordering a 
large field with a single small trap planting, and it also appears that 
the dispersal characteristics of the western corn rootworm are more 
suited for trap cropping than those of the northern corn rootworm. 
92 
V. CONCLUSIONS 
1. Mixed-maturity hybrid seed corn which was comprised of 50 different 
hybrids varying from 1150-1650 heat units to silking and planted on 
30 June provided fresh pollen during August and September and had 
the highest population of rootworm beetles over the season. 
2. Western corn rootworms, D. virgifera LeConte, began to leave the con­
ventional corn at the onset of pollen shedding in the trap corn in 
mid- to late-August and congregated in the adjacent plantings of trap 
corn. Pollen shedding in the conventional corn occurred in late 
July. 
3. The northern corn rootworm, D. longlcornis (Say), began to leave the 
conventional corn in early September and congregated on the adjacent 
plantings of trap corn. Pollen shedding in the conventional corn 
occurred in late July. 
4. Western corn rootworm females immigrating to the trap corn areas were 
age specific and probably had not begun to oviposit. 
5. Northern corn rootworm females Immigrating to the trap corn area were 
probably not age specific. 
6. The interplantings of late-planted corn in conventional corn did 
influence the choice of ovipositional sites by the adult fernsIs root= 
worms. Significant differences (0.05 level) in egg deposition and 
emerging adults the next year were not obtained between sampling 
points in the trap area and sampling points in the conventional areas 
within 60 rows of the trap corn. Significantly (0.05 level) more 
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adult western and northern corn rootworms emerged from the conven­
tional corn areas 90 rows beyond the trap corn areas. 
7. The inability to establish lower limits of eggs/pint of soil, or 
adults emerged/caged plant associated with economic damage to the 
roots of the corn plant preclude a final appraisal of whether the 
late-planted trap corn did limit egg deposition by the 2 rootworm 
species to subeconomic levels in the adjacent conventional corn. 
8. The protective influence of the 16-row trap plantings decreased at 
distances exceeding ca. 200 ft for the western corn rootworm and at 
shorter distances for the northern corn rootworm. 
9. Because of the distance limitation, bordering a large conventional 
cornfield with a single small trap planting would be much less 
efficient than several interplantings within the cornfield. 
10. Differences in mean numbers of European corn borers/cornstalk 
between the trap corn and the conventional corn were not significant 
(0.05 level). 
11. The trap crop may be harvested for silage, and although the tonage/ 
acre may be low, the feeding quality should approximate that of 
normal silage in an average year. 
12. The Carabidae population will increase initially in the trap area 
but after a few weeks will not differ from that of the conventional 
corn area. 
94 
VI. BIBLIOGRAPHY 
Aldrich, S. R., and E. R. Leng. 1965. Modern corn production. F. & W. 
Publishing Corp., Cincinnati, Ohio. 308 pp. 
Andrewartha, H. G., and L. C. Birch. 1954. The distribution and abun­
dance of animals. Univ. Chicago Press, Chicago. 782 pp. 
Ball, H. J., and G. T. Weekman. 1962. Insecticide resistance in the 
adult western corn rootworm in Nebraska. J. Econ. Entomol. 55(4): 
439-441. 
Bigger, J. H. 1932. Short rotation fails to prevent attack of Diabrotica 
longicornis (Say). J. Econ. Entomol. 25(2): 196-199. 
Broadbent, L. 1948. Aphis migration and the efficiency of the trapping 
method. Ann. Appl. Biol. 35: 379. 
Brooks, H. L. 1967. The effect of planting date, irrigation, and two 
corn varieties on populations of western corn rootworms, Diabrotica 
virgifera LeC. Ph.D. Diss., Kansas State University. 103 pp. 
Calkins, C. 0., V. M. Kirk, J. W. Matteson, and W. L. Howe. 1970. The 
effect of corn silage removal on corn rootworm oviposition. J. Econ. 
Entomol. 63(3); 976-978. 
Cates, M. D. 1968. Behavioral and physiological aspects of mating and 
oviposition by the adult western corn rootworm, Diabrotica virgifera 
XjcConte• Ph.D. Dzss., University of Nebraska, 99 pp* 
Chandler, J. H., G. J. Musick, and M. L. Fairchild. 1966. Apparatus 
and procedure for separation of corn rootworm eggs from soil. 
J, Econ, Entomol. 59(6); 1409-1410, 
Chiang, H. C. 1965. Survival of northern corn rootworm eggs through 
one and two winters. J. Econ. Entomol. 58(3): 470-472. 
Guiarig, 11. C. 1973. Bionomics of the northern and western com rootworms. 
Annu. Rev. Entomol. 18; 47-72, 
Chiang, H, C., and K. G. Flaskerd. 1965. Sampling methods of adult 
populations of the corn rootworms. Proc. N. Cent. Br. Entomol. Soc. 
Amer. 20: 67-68, 
Chiang, H. C., V. Siason, and D. Rasmussen. 1969. Conversion of results 
of concentrated samples to density estimates of egg and larval popu­
lations of the northern corn rootworm, J. Econ. Entomol, 62(3): 
578-583. 
95 
Cinereski, J. E., and H. G. Chiang. 1968. The pattern of movements of 
adults of the northern corn rootworm inside and outside of cornfields. 
J. Econ. Entomol. 61(6): 1531-1536. 
Derr, R. F., D. D. Randall, and R. W. Kieckhefer. 1964. Feeding stimu­
lant for western and northern corn rootworm adults. J. Econ. Entomol. 
57(6); 963-965 
Esau, K. L. 1968. Carabidae (Coleoptera) and other arthropods collected 
in pitfall traps in Iowa cornfields, fencerows and prairies. Ph.D. 
Diss., Iowa State University, Ames, Iowa. 200 pp. 
Frankel, G. 1956. Insects and plant biochemistry. The specificity of 
food plants for insects. International Congress of Zoology Proceed­
ings, XIV Congress, Copenhagen 1953: 383-387. 
Gillette, C. P. 1912. Diabrotica virgifera LeC. as a corn rootworm. 
J. Econ. Entomol. 5: 364-366. 
Hill, R. E., E. Hixson, and M. H. Muraa. 1948. Control of corn rootworms 
with insecticides. Nebr. Agr. Exp. Sta. Annu. Rep. 61; 53-55. 
Hills, T. M,, and D. C. Peters. 1972. Methods of applying insecticides 
for control of corn rootworm larvae. J. Econ. Entomol. 65(6); 1714-
1718. 
Hills, T. M., D. C. Peters, and W. G. Lovely. 1972a. Application equip­
ment and techniques used in the evaluation of granular insecticides 
for control of western corn rootworm larvae. J. Econ. Entomol. 
65(4): 1116-1119. 
Hills, T. M., D. PeterSi and E, Ç, Berry. 1972b. Timing of iusecti-
cidal applications to control the western corn rootworm and the 
European corn borer. J. Econ. Entomol. 65(6): 1967-1700. 
Howe, W. L., E. E, Ortman, and B. W. George. 1963. Observations of the 
northern and western corn rootworms in South Dakota. Proc. N. Cent. 
Br. Entomol. Soc. Amer. 18; 83. 
Hunter, W. D., and B. R. Coad. 1923. The boll weevil problem. U.S.D.A. 
Farmers' Bull. 1329. 30 pp. 
Isley, D. 1950. Trapping weevils in spots with early cotton. Arkansas 
Agric. Expt. Stn. Bull. 496. 
Isely, D. 1957. Methods of insect control. Parts I and II. Braun-
Brumfield, Ann Arbor, Michigan. 208 pp. 
Johansen, C. 1962. Principles of insect control, p. 138-58. In R. E. 
Pfadt, Fundamentals of Applied Entomology. Macmillan Company, New 
York. 668 pp. 
96 
Johnson, C. G. 1963, Physiological factors in insect migration by 
flight. Nature 198: 423-427. 
Kaufman, D. L. 1966. A study of the field behavior of adult Diabrotica 
virgifera LeC. and Diabrotica longicornis (Say) (Coleoptera; 
Chrysomelidae). Ph.D. Diss., Kansas State University, Manhattan. 
57 pp. 
Kirk, V. M., C. 0. Calkins, and F. J. Post. 1968. Oviposition prefer­
ences of western corn rootworms for various soil surface conditions. 
J. Econ. Entomol. 61(5); 1322-1324. 
LeConte, J. L., ed. 1859. The complete writings of Thomas Say on the 
entomology of North America, Vol. 2. Bailliere Brothers, New York, 
iv + 814 pp. 
LeConte, J. L. 1865. On the species of Galeruca and allied genera 
inhabiting North America. Proc, Acad. Nat. Sci. Phil. 
LeConte, J. L. 1868, New Coleoptera collected on the survey for the ex­
tension of the Union Pacific Railway, E.D. from Kansas to Fort Craig, 
New Mexico. Trans. Am. Ent. Soc. 2; 59. 
Lilly, J, H. 1956. Soil insects and their control. Annu. Rev. Entomol. 
1: 203-222. 
Lincoln, C., and D. Isely. 1947. Corn as a trap crop for cotton boll-
worm. J. Econ. Entomol. 40(3); 437-438. 
McWhorter, G. M. 1973. Evaluations of multiple applications and persis­
tence of insecticides for European corn borer control. Ph.D. Diss., 
Iowa State University. 
National Academy of Sciences. 1971. Atlas of nutritional data in 
United States and Canadian feeds. National Academy of Sciences, 
Washington, B.C. 269-275 pp. 
Nirula, K. K., and K. K. Dassi. 1965. Effect of French Marigold as a 
trap crop on control of root-knot Nematode (M. incognita) in potato 
fields. Indian Potato Jour. 7(2): 64-68. 
Owens, J. C., D. C. Peters, and A. R. Hallauer. 1974. Corn rootworm 
tolerance in Maize. Environ. Entomol. 3(5): 767-772. 
Pearl, R. 1932. The influence of density of population upon egg produc­
tion in Drosophila melanogaster. J. Exp. Zool. 63: 57-84. 
Pruess, K. P., J. F. Nitkowski, and E. S. Raun, 1974. Population suppres­
sion of western corn rootworm by adult control with ULV malathion. 
J. Econ. Entomol. 67(5): 651-655. 
97 
Rasmussen, D. E., and H. C. Chiang. 1967. Effects of some agronomic 
practices on corn rootworm populations. Proc. N. Cent. Br. Entomol. 
Soc. Amer. 22: 95. 
Reissig, W. H., and G. E. Wilde. 1971. Feeding responses of western 
corn rootworm on silks of fifteen genetic sources of corn. J. Kans. 
Entomol. Soc. 44(4): 479-483. 
Riley, G. V. 1880. A new enemy to corn - the long-horned Diabrotica. 
Am. Entomol. 3: 247. 
Say, T. 1824. Descriptions of coleopterous insects collected in the 
late expedition to the Rocky Mountains, performed by order of Mr. Cal­
houn, Secretary of War, under the command of Major Long. J. Acad. 
Nat. Sci. Phil. 3; 460. 
Scott, W. P., E. P. Lloyd, I. 0. Bryson, and T. B. Davich. 1974. Trap 
plots for suppression of low density overwintered populations of 
boll weevils. J. Econ. Entomol. 67(2): 281-283. 
Short, D. E., and R. E. Hill. 1972. Adult emergence, ovarian develop­
ment, and oviposition sequence of the western corn rootworm in 
Nebraska. J. Econ. Entomol. 65(3): 685-689. 
Singh, Z., and W. L. Howe. 1971. Feeding, longevity, and fecundity of 
the adult western corn rootworm fed artificial diets. J. Econ. 
Entomol. 64(5): 1136-1137. 
Stern, V. M. 1969. Interplanting alfalfa in cotton to control Lygus bugs 
and other insect pests. Proceedings Tall Timbers Conference 
Tallahassee, Fla. on Ecological Animal Control by Habitat Manage­
ment No. 1: 55-69. 
Stride, C. 0. 1969. Investigations into use of a trap crop to protect 
cotton from attack by Lygus cosseleri. Entomol. Soc. Southern 
Africa. Jour. 32(2): 469-477. 
Watt, K. E. F. 1955. Studies on population productivity. I. Three 
approaches to the optimum yield problem in populations of Tribolium 
confusum^ Ecol= Monogr. 25: 269-290. 
98 
VII. ACKNOWLED&M:NTS 
My sincere thanks to John C. Owens who suggested the topic 
and provided initial guidelines, and to Marge Freese who painstakingly 
edited and reviewed this manuscript. Thanks also to the members of 
the Corn Rootworm Project, 1972-74, a very unique, helpful, and talented 
group of people. 
99 
VIII. APPENDIX A: DIEL ACTIVITY AND VERTICAL 
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Vertical yellow sticky traps, 3.048 m long and 10.160 cm diam, 
were utilized at 5 locations during 1973 and 1974 to ascertain the 
diel periodicity and vertical flight distribution of the western corn 
rootworm, Diabrotica viraifera (LeConte) in cornfields fZea mays L."). 
Western corn rootworm flight activity is bimodal with flight activity 
peaks occurring in the 2-3 hr periods after sunrise and before sunset. 
Flight activity peaks were further characterized by a temperature range 
of 22.2°C to 27.0°C, Most flight activity is below 152,40 cm with the 
males concentrated (61% of male catch) below 91.44 cm. Female catch 
was maximal at height interval 4 (121.44 cm) with 37% below and 47% 
above that level. The 2 sexes fly at the same time, and height-of-flight 
X time-of-day interactions were not significant except during one period 
when the males were trapped at a greater height during the earlier of 
9 «ar»f*4'<r•* f'TT noaVc . 
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Prediction of western corn rootworm, Diabrotlca virgifera LeConte, 
infestations on a single-field basis has been addressed by many; yet, 
there is no grower-accepted solution. Failure to achieve accurate 
prediction is partly attributable to an insufficiency of information 
regarding the seasonal and daily activity, flight behavior, and disper­
sal of the beetle. Cinereski and Chiang (1968) studied the movements 
of Diabrotica loneicornis (Say) by identifying pollen types in the 
digestive tracts of the adults and concluded that beetles moved among 
corn and other crops throughout the season. Kaufman (1966)^ employed 
adhesive-coated, waterproof, cardboard drums at 3 different heights to 
investigate the flight behavior of western corn rootworms and reported 
59% of the beetles were taken at the 30,48 - 60.96 cm level, 32% at the 
91.44 - 121.32 cm level, and 9% at the 152.65 - 182.88 cm level. And 
Gates (1968)^ reported daily mating peaks for western corn rootworms 
during early morning and early evening and concluded that beetles 
generally are more active during those Limes, Littls has been reported 
on the diel periodicity and vertical flight distribution of the western 
corn rootworm. Our objectives were to investigate the dial flight 
activity and height of flight patterns of the western corn rootworm 
and to construct characteristic distributions on the basis of data 
gathered at selected locations and intervals during the growing season. 
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METHODS AND MATERIALS 
Experiments were conducted twice in 1973 and 3 times in 1974 at a 
total of 5 locations. The 1973 diel investigations were conducted on 
August 7-8, in Worth County, and on September 18-19 in Story County. In 
1974, beetle activity was monitored on August 7-8 and 23*24 in Cass 
County and on September 7-8 in Story County. Sticky traps were con­
structed from hollow, plastic drain tiles 3.048 m long and 10.160 cm diam, 
painted crown yellow,^ coated with Tack Trap,® and positioned vertically 
over steel posts in the cornfields= Four poles were used concurrently 
during each experiment and were considered replicates in the analysis of 
variance. Neither height nor time of day could be randomized; therefore, 
conservative degrees of freedom were used to compute the "F" tests for 
determining height-of-flight x time-of-day interactions. After trap 
emplacement, beetles were counted over a 24-hr period at 2-hr intervals 
betv7een 0500 and 2100 (C.D.S.T.). The 8-hr period from 2100 to 0500 was 
considered a single sampling period because our observations substanti­
ated the report by Cates (1958)'' that general activity peaks correspond 
with the daily mating activity peaks that he observed during the early 
morning and evening hours. Counting and recording by height was facili­
tated by dividing the trap into 10 equal height intervals, each interval 
measuring 30.48 cm. During 1973 and 1974, numbers of rootworm beetles 
and heights of flight were recorded; additionally, sex determinations 
were made in 1974. Beetles were removed from the traps with forceps and 
immersed in cyclohexane to remove the Tack Trap before sex determination. 
Temperature was recorded for each time interval. 
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RESULTS AND DISCUSSION 
The diel activity and vertical flight distribution for D. virgifera 
combined over the 5 dates in 1973 and 1974 are presented in Figures 1 and 
2, respectively. Western corn rootwora flight activity (Figure 1) is 
bimodal and coincides with the 2-3 hr periods after sunrise and before 
sunset. Average time of sunrise and set during the 5 sampling periods 
was 0638 and 2004, respectively. There was reduced flight activity 
throughout the day and night when the temperature was above ca. 15°C. 
Flight activity peaks also were characterized by a temperature range of 
22.2° to 27.0°C, with a mean of 25.0°C and a standard error of 0.55. 
Early morning or evening temperatures below this range shifted the indi­
vidual activity peaks toward the warmer late morning or afternoon hours. 
Laboratory investigations would be required to determine the effect of 
changing light intensities on flight activity at various temperature 
regimes. 
Although 80% of all western corn rootworms captured were recorded 
below height interval 5 (152.30 cm), sex determinations in 1974 revealed 
more males than females at the lower levels (Figure 2). An average of 
20.3% of the males was recorded at each of the lower 3 levels (61% of 
total male catch). Female flight activity was (1^%. of t-ntal 
female catch) at height interval 4 (121.44 cm), with 37% below and 47% 
above that level. Peak female height of flight corresponded with height 
of the corn ear. Consequently, survey collections of rootworm beetles 
at or near the corn ear level may be biased toward females because of 
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males not contributing to the sample on which field sex ratios normally 
are based. Both sexes of most insect species fly at the same time 
(Lewis and Taylor 1965) and flight activity differences were not ob­
served between the sexes of D. virgifera. Height-of-flight x time-of-day 
interactions also were computed by analysis of variance techniques for 
total rootworms collected during the 2 diels conducted in 1973 and for 
each sex during individual diels in 1974. Significant differences (0.05 
level) were not detected except for the August 7-8, 1974, period in 
Cass County. An examination of mean catches during that diel showed 
males flying at a greater height during the earlier of the 2 flight 
activity peaks than at other times during the 24 hr period. 
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FIGURES 
Fig. 1. Characteristic diel flight activity for D. virgifera 
combined over 5 dates in 1973 and 1974. 
Fig. 2. Characteristic vertical flight distribution for D. 
virgifera. 
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APPENDIX B; COREEIATION STUDIES 
Table 19. Correlation coefficients and their significance probabili­
ties for the 3 sampling methods used in determining popu­
lation differences of western and northern corn rootworms. 
Host preference studies, Clayton County, Iowa. 1972 
WCR + 
WCR/25 NCR/25 NCR/25 WCR/ NCR/ 
corn corn corn sticky sticky 
Sample method plants plants plants trap trap 
WCR/25^ .5544b .8530 .1914 .2842 .2189 
corn plants .0001^ .0001 .0286 .0015 .0125 
NCR/25'^ .8363 .2573 .4280 .3024 
corn plants .0001 .0037 .0001 .0008 
WCR + NCR/25 .2438 .3880 .2833 
corn plants .0057 .0001 .0016 
WCR/sticky .6556 .9907 
trap .0001 .0001 
NCR/sticky .7517 
trap .0001 
WCR + NCR/ 
sticky trap 
WCR 
5-min coll 
WCR females 
5-min coll 
WCR males 
5-min coll 
NCR 
S-mir. coll 
NCR females 
5-min coll 
NCR males 
5-min coll 
^WCR = western corn rootworm. 
^Correlation coefficients. 
^The probability that a correlation coefficient that large or 
larger in absolute value would arise by chance were the random 
variables truly independent. 
^NCR = northern corn rootworm. 
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WCR + WCR WCR NCR NCR 
NCR/ WCR females males NCR females males 
sticky 5-min 5-min 5-min. 5-min 5-min 5-min 
trap coll coll coll coll coll coll 
.8245 .8258 .2395 .5973 .6075 .2317 .7496 
.0001 .0001 .0065 .0001 .0001 .0084 .0001 
.6400 .6321 .2696 .7516 .7524 .4162 .7054 
.0001 .0001 .0025 .0001 .0001 .0001 .0001 
.8326 .8327 .2518 .7230 .7328 .3665 .8181 
.0001 .0001 .0044 .0001 .0001 .0007 .0001 
.1640 .1506 .1906 .1744 .1572 .2793 .0847 
.0608 .0856 .0292 .0460 .0725 .0018 .6246 
.3392 .3198 .2795 .4148 .4039 .3500 .3452 
.0003 .0005 .0018 .0001 .0001 .0002 .0004 
.2051 .1899 .2170 .2271 .2103 .3064 .1385 
.0190 .0298 .0133 .0097 .0163 .0007 .1295 
.9957 .3272 .7685 .7757 .3618 .9523 
.0001 .0004 .0001 .0001 .0001 .0001 
.2445 .7610 .7697 .3417 .9467 
.0056 .0001 .0001 .0002 .0001 
.2972 .2830 .3092 .2596 
.0010 .0016 
.9968 
.0001 
.0007 
.5950 
= 0001 
.5291 
.0001 
.0056 
.9120 
.0001 
.9176 
.0001 
.4281 
.0001 
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Table 20. Correlation coefficients and their significance probabilities 
for the 3 sampling methods used in determining population 
fluctuations of western and northern corn rootworms. Trap 
crop studies, locations #1 and #2, Clayton County, Iowa. 1973 
WCR WCR 
females males 
5-min 5-min 
coll coll 
NCR 
WCR/ females 
sticky 5-min 
trap coll 
NCR 
males NCR/ 
5-min sticky 
coll trap 
WCR/25^ 0.7701^ 0.4839 0.3720 
corn plants 0.0001^ 0.0158 0.0703 
WCR females 0.2711 0.2647 
5-min coll 0.1974 0.2089 
WCR males -0.1309 
5-min coll 0.5485 
NCR/25^ 0.9346 0.8752 0.1325 
corn plants 0.0001 0.0001 0.5434 
NCR females 0.9227 0.3024 
5-min coll 0.0001 0.1476 
NCR males 0.3813 
5-min coll 0.0631 
^WCR = western corn rootworm. 
^Correlation coefficient. 
^The probability that a correlation coefficient that large or larger 
in absolute value would arise by chance were the random variables truly 
independent. 
^NCR = northern rootworm. 
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X. APPENDIX C; SEASONAL WESTERN AND NORTHERN CORN 
ROOTWOEMS EMERGENCE AT LOCATION #1, 
CLAYTON COUNTY, IOWA. 1974 
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Figure 19- Seasonal western and northern corn rootvjorm adult emergence, 
Jul. through Sept., location #1, Clayton County, Iowa. 1973 
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APPENDIX D: AERIAL PHOTOGRAPH OF LOCATION #1, 
CLAYTON COUNTY, IOWA. 1973 
Figure 20. Aerial photograph of location #1, Clayton County, Iowa. 1973 
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1 
XII, APPENDIX E: AERIAL PHOTOGRAPH OF LOCATION #2, 
CLAYTON COUNTY, IOWA. 1973 
mm 
Figure 21. Aerial photograph of location #2, Clayton County, Iowa. 1973 
